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Atmel describes a new SiGe RF technology f,, exceeds 90 GHz. Three types of resis-
P Maier, M Tortschanoff, which includes three types of npn transistors tors, high-Q inductors and capacitors as well
W Kraus and M Averweg on one wafer. The breakdown voltages are as ESD and Schottky diodes and LPNP are
Atmel Wireless &
Microcontrollers 7,4 and 2.5V, corresponding to transit frequen- also available. In near future 0.25 pm CMOS
andreas.schueppenOatmel-wm.com ties (fT) of 30, 50 and 80 GHz, respectively. will also be incorporated.
An 80 GHz SiGe
production technology
The rapidly growing communication market con-
stantly demands higher data rates in portable
wire-less systems as well as in optical networking
systems. Over the last few years, Si/SiGe  technol-
ogy has increasing interest and captured markets
so far reserved for III-Vs.
The most important reason for this is the possi-
bility of marrying standard silicon CMOS process-
es with a highly sophisticated, cost-effective
SiGe-bipolar  RF technology. From the technical
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point of view, SiGe has achieved in research
transit frequencies fT of 156 GHz [l] , maximum
frequencies of oscillation f,,, of 180 GHz and
noise figures as low as 1 dB at 5 GHz [2].
Compared to III-V technologies the advan-tages
of SiGe are the better low-noise performance, the
feasibility of large-scale integration and BiCMOS.
All major silicon companies are therefore cur-
rently developing SiGe technologies or already
have SiGe bipolar or BiCMOS in their production
lines, e.g.Atmel  Wireless & Microcontrollers 13-51,
Conexant [6,7], IBM [8,9], Maxim (www. maxim-
ic.com),Motorola [lO,ll],NEC  [12],Philips  [13-
141, STM [15]  andTexas Instruments [lb].A
detailed survey of the current high-frequency
perform-antes of SiGe-HBTs  of various compa-
nies is given by A Gruhle [ 171 (summarized in
Table 1).
The applications targeted range from RF front-ends
and power amplifiers [4] up to 40 Gb/s optical
transceiver circuits [ 181.
Atmel  Wireless & Microcontrollers has produced
RF ICs using the bipolar SiGel process since
1998 [ 51. The equivalent BiCMOS technology
AT46k  SIGMOS, a combination of SiGel and a
0.35 pm CMOS process, is already in production
ramp-up. Both technologies cover RF applications
up to 5-7 GHz.The  50 GHz performance of the
SiGel process has already led to a few products
(LNA, PA, mixers and DACs).
RF optimization
However, for the next generation of mobile sys-
tems (e.g. W-CDMA or UMTS [ 191) more band-
width, higher frequencies and more features are
needed. Hence, the package density will increase
in the RF parts of the system too.
ma Ill-VsREVlEW. :. : _/a ~“6: :,ii-;u,+:‘iUi VOL1~_NO,j-,jugust2oo1
To satisfy the requirements for high-speed, low-
noise and low-power consumption,Atmel
Wireless & Microcontrollers has developed a
new 80 GHz  SiGe technology called SiGe2 -
together with new AT47k  BiCMOS  technology
(offering 0.21 pm CMOS) - targeted at penetrat-
ing the III-V arena and the fibre-optic  market.
In this second-generation of SiGe  HBTs  the
improvement in performance is focused on the
RF [ 171. The essential differences compared to
SiGel are:
1. improvement of the collector
2. optimized SiGe:C epitaxy (e.g. thinner base to
increase fT)
3. isolation type changed from recessed LOCOS
to shallow trench isolation (STI)
4. shrink of lateral dimensions (e.g. effective
emitter width reduced from 0.8 to 0.5 rJm>
5. L-Spacer
6. shrink of metal pitch from 5 to 3 pm
7. reduction pf parasitics.
Reducing the effective base thickness ws from
45 to 8 nm would result in an fT of about
90 GHz.  Base thicknesses below 7 nm are not
desirable because tunnelling currents would
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Figure 2. Gummel characteristics for SiGe2 arrays of 100 (thick line) and 1000 (thin line) npn
transistors with an effective emitter width of 0.5x 1.7 pm2.
drastically increase and deteriorate the bipolar
characteristics. In practice, such high fT values
are not achievable with extremely thin, boron-
doped, pure SiGe bases because of the outdiffu-
sion of boron into the emitter. Hence a carbon-
doped SiGe base (SiGe:C) is indispensable, as
out-diffusion of boron into the emitter is
strongly reduced.
Tired of unstable flow fi-om solid
sources and not satisfied with
packing rings or solution
alternatives? Then consider the
Uni-Flo cylinder  with your next
purchase of TMIn, (CP)~M~  or
CBr, for stable flow through
90% depletion. If you prefer
the purity of solids but don’t want
the headaches of growing epi
wafers from unstable sources, ask
for the Uni-Flo cylinder available
only through Rohm and Haas
Metalorganirs.
Contact us today or visit OUT
at mrtalorga~lics.com.
THE UNI-FLO’” CYLINDER
Kiz
(patent pending)
ROHM AND HAAS  COMPANY 60 WILLOW STREET NORTH ANDOVER MA 0 I845 USA
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-Production fT fmax CMOS
Company ResJDev. Reference (GHz) (GHz) Mm) Remarks
ATMEL P [41 30150 50/50 SiGel
P 30/50 50150 0 . 3 5 AT46k
D [31 30/50/80 5off 0190 0 . 5 SiGe2
D 40170 50180 0.21 AT47 k
DaimlerChrysler R [21 1 5 6 8 0 0.8  dB Q 10 GHz
R [201 3 0 1 6 0
Hi tachi R [II 1 5 4 RO: 5.5 ps
R 7 6 1 8 0 0 . 2 5 82 GHz  divider
I B M P 1211 4 7 5 0 0 . 3 5
D [221 48190 72/l  05 0 . 1 8
IMEC D [I31 5 0 8 0 0 . 3 5
l n f i n e o n D [231 7 5 8 0 0 . 2 5 B7HF
R [241 8 5 1 2 8 88 GHz divider
KTH R [251 61 2 4
Lucent D [261 7 2 1 1 6 0 . 2 5
M a x i m P 3 5
Motorola  ( IHP) D [27-301 4817  5 lOOI 0 . 2 5
Nat Semi D 3 0 0 . 3 5
NEC R 1311 7 3 61 0 . 1 8
Philips R [321 4 5 4 3
ST D [33,341 5 2 71 0 . 3 5
TI D 5 0 0 . 3 5
CSDL P [81 3 0 5 3 0 0 InP/GaAsSb  HBT
A further increase of the RF parameters can be
achieved by introducting shallow trench
SiGez technology
isolation (STI). Compared to recessed LOCOS The typical SiGe2 HBTs  shown in Figure 1 were
isolation, much steeper trenches allow a reduction fabricated as follows.
of the pitch and reduce the collector-base On a conventiona  20 ticrn p-type substrate
Figure 3. Output characteris-
tics of power (non-SK) and
RF (SIC) transistors with an
effective emitter area
of 0.5x79.7pm2
capacitances CCB as well as the collector
substrate capacitances CCS by 4O%.To reduce
the parasitic emitter resistance and the emitter-
base capacitances, an L-spacer is applied in com-
bination with a smaller emitter width.
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with an implanted As buried-layer, an n-epitaxial
layer is grown for the col1ector.A selectively
implanted collector (SIC) is brought in to get a
thinner collector for the RF transistors.This
optional implant enables the use of power
transistors and RF transistors in one application.
Channel-stop implant and ST1 guarantee
device isolation.
To passivate the collector surface after trench
etching, we use a thermal liner oxide of gate-
oxide quality. Later, the trench is filled withTEOS.
After CMP and wet-chemical opening of the
active areas the epitaxial SiGe/Si  layer is grown.
A rapid thermal anneal (RTA) step passivates the
surface and a C-deep implant forms a low-ohmic
collector contact. A nitride-block with silicon-
oxide outside-spacer protects the inner transistor
from the outer base implant and silicidation in
a self-aligned manner to achieve a low-ohmic
base connection.
A CVD-oxide deposition followed by CMP
eliminates the topography and opens the emitter
nitride-b1ocks.A  wet-chemical nitride etching
opens the 0.8 urn-wide active transistor area.
A thin nitride layer and a polysilicon layer are
then deposited.The plasma-etch of the poly-
silicon layer creates inside polyspacers, masking
the nitride etching. After removing the poly-
spacers the remaining nitride L-spacers reduce
the emitter width to 0.5 um.Then  an etching of
the thin oxide layer masked by the L-spacers is
followed by the deposition, implantation and
etching of the n-type doped emitter-poly.
Electrical characteristics of
SiGe2 bipolar transistors
Figure 2 shows Gummel characteristics for arrays
of 100 and 1000 transistors, which consist of
minimum-sized transistors with an effective
emitter area of 0.5x1.1 pm2  connected in paral-
lel. Even in arrays of 1000, the base current is
ideal down to 1 pA, indicating an homogeneous
technology with high yield.The low leakage cur-
rents and an approximately constant current-gain
p = 1,/I, are attributed to low defect densities of
the buried layer, the collector epitaxy, the selec-
tive collector implant (SIC), the SiGe epitaxy and
a damage-free emitter preparation.
The output characteristics of the power and RF
transistors in Figure 3 show that the collector-
emitter breakdown voltages of the non-SIC and
of the SIC transistor are BVcEo  = 4 V and 2.5 V,
respectively. Furthermore, the output characteris-
tics of SiGe2  HBTs indicate an early-voltage of
more than 5OV
Figure 4 shows that the standard power HBT
(non-SIC) has a transit frequency fT of about 58
GHz,  better than the fT of a SiGeI RF HBT with
an SIC. Furthermore, the SIC transistor, especially
designed for RF applications, achieves an fT of
about 90 GHz  at I,: = 8.1 mA  and V,, = 0.88 V
In Figure 5 the maximum stable gain (MSG) and
maximum available gain (MAG)  of a SiGe2 SIC-
transistor are shown versus the base-emitter volt-
age for various frequencies, showing a broad
maximum of the MSG.To  emphasize the homo-
geneity of the RF performance in SiGe2,  fT was
wafer-mapped. At 7 GHz  the gain is still in the
2 1 dB range (average: 20.8 dB; standard devia-
tion: 0.36 dB).
Figure 6 shows the stability factor k - the maxi-
mum stable/available gain (MSG/MAG)  of an RF
HBT (biased at V,, = 1.5 VVRE = 0.91 V) - versus
frequencyAn  f,,, of 96 GHz can be extrapolated.
Even at 20 GI-Iz  a gain of about 11 dB is available.
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Table 2 compares the performance of the two
SiGe  generations: SiGel and SiGe2.
In summary,Atmel’s  latest SiGe2 HBT process
offers an extensive number of different devices
whereas the implementation of a 0.21 ym CMOS
technoIogy  is at the development stage (available
in near future).
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npn HBTs SiGel SiGe2
Minimum pitch (urn) 5 3
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Base sheet resistance (n) 1500 2200
Current gain 180 250
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ESD diode
Varactor diode
MOS switch
Minimum gate length L,
2
1
4.5
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